Bronchoscopic lung volume reduction is a new technology designed to reduce hyperinflation in severe COPD by implantation of endobronchial devices, such as biodegradable material, endobronchial valves or bronchopulmonary stents, via flexible bronchoscopy. This article discusses newest developments and results in bronchoscopic lung volume reduction.
cause of death by the year 2020. Lung emphysema is the pathoanatomical correlate of severe COPD associated with homogeneous or heterogeneous destruction of lung tissue and marked hyperinflation considerably limiting patient activity. Lung transplantation is a therapeutic option for only a selected group of younger patients with advanced COPD and no relevant comorbidities [1] . Lung volume reduction surgery (LVRS) was introduced more than fifteen years ago as an alternative to lung transplantation [2] . Initially the procedure was performed via sternotomy followed by bilateral video-assisted thoracoscopy (VATS) [3] . Despite improvements in quality of life, lung function parameters, 6-minute walk distance and medium-term survival [4] , the early enthusiasm with this procedure has markedly subsided due to high perioperative mortality in selected groups of COPD patients [5] . As a result, new bronchoscopic technologies have been introduced to perform lung volume reduction without the risk associated with surgery. The idea is to reduce lung hyperinflation by bronchoscopic implantation of implantable devices such as biodegradable material, insertion of endobronchial valves or implantation of bronchopulmonary stents. Due to their advantages compared with surgical therapy, bronchoscopic lung volume reduction procedures have won mounting recognition in the pulmonary literature. Accordingly, a comprehensive update of lung volume reduction therapies for advanced emphysema has recently been published [6] . Most thus far published clinical trials on bronchoscopic lung volume reduction have also included patients suitable for surgical lung volume reduction, i.e. those suffering from heterogeneous upper lobe emphysema with marked hyperinflation and no contraindication for surgical lung volume reduction (table 1) .
What do we expect as potential results when a new medication or technology is introduced? Unfortunately we cannot cure the majority of disorders. Expectations largely depend on current options for the treatment and/or control of a disease. Therefore a new drug or procedure must fulfil different criteria if it is to find its way into clinical practice. Table 2 depicts various options for the successful introduction of a new drug/procedure. The following examples may perhaps clarify this notion: in cases where no medical treatment is available, e.g. idiopathic lung fibrosis, a new drug improving a minor area of a disease is easily introduced. Another example is advanced lung cancer: except for the minority of patients with EGFR positive adenocarcinoma, current chemotherapeutic agents are associated with only a marginal improvement in survival. A drug prolonging survival for a median of 4 months would, therefore, have no problem gaining approval for routine use. Conversely, in cases where the available treatment is effective, a new drug or device must display considerable superiority. This was the case when combined inhaled corticosteroids and longacting β 2 -agonists became available for the treatment of moderate asthma. Alternatively, a new drug or procedure may be equally effective but associated with fewer side effects. An example of this is sleeve resection, a localised resection of locally advanced lung cancer performed by thoracic surgeons to avoid the morbidity associated with pneumectomy. It has been shown that the cure rate associated with sleeve resection is similar to that achieved by pneumectomy, though perioperative mortality is signific- Endobronchial valve (Zephyr ® ).
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Endobronchial valve of 6 mm diameter (Spiration ® ).
antly lower in patients undergoing sleeve resection. Finally, a drug or procedure may also be successfully deployed if, though not inferior in regard to efficacy and side effects, it is much less costly than current treatment. Regular inhalation of hypertonic saline in patients with cystic fibrosis has proved equally effective but its cost is one tenth that of recombinant DNase. All the above criteria should be taken into account in judging the clinical potential of bronchoscopic lung volume reduction. Specific goals of therapy in COPD, as shown on table 3, should be also considered. These endpoints are regarded as relevant and have usually been chosen for verification of efficacy in COPD trials. Similar endpoints must be addressed for bronchoscopic lung volume reduction, but it should be noted that candidates for surgical or bronchoscopic lung volume reduction are most often in an advanced stage of disease.
The results of a large randomised trial comparing endobronchial valves with conventional therapy were published in September 2010 [7] . A total of 321 patients with heterogeneous emphysema were randomly assigned to receive either endobronchial valves or standard medical care. At six months there was a significant difference in FEV 1 of 6.8% comparing the two groups. In contrast, there was no significant difference in 6-minute walk distance, the other primary endpoint of the study. Patients with implanted valves suffered from exacerbations of COPD more often 
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Swiss Med Wkly. 2010;140:w13140 than controls. Preliminary results of two other large randomised clinical trials were presented at the European Respiratory Society Conference at Barcelona in September 2010. Using a similar randomised approach the EuroVENT trial produced comparable results [8] . As presented in table 4, the authors should be commended for a well-designed randomised study including a large number of patients with heterogeneous upper lobe dominant emphysema. Procedures within the EuroVENT trial aimed for unilateral lobar occlusion using the Zephyr ® valve ( fig. 1) . Although the primary endpoints were well chosen, the results showed only a small improvement in lung function with no increase in 6-minute walk distance. Side effects were slightly more frequent in patients receiving valves as compared to controls. The EASE trial evaluated another approach to achievement of lung volume reduction [9] . After localising peribronchial vessels via endobronchial ultrasound, transbronchial puncture was performed followed by dilatation and stent implantation between bronchi and adjacent homogeneous, hyperinflated lung parenchyma. This approach was expected to lead to lung deflation immediately after the procedure. As depicted in Table 5 , the study was very well designed, including randomisation of a large number of patients to the active or sham bronchoscopic procedure. Interestingly, despite the somewhat courageous intervention close to large vessels there were no major complications. There was an impressive decrease in residual volume within one week of the procedure. However, the effect on deflation was lost within six months, chiefly due to stent occlusion.
Taking into consideration the above-mentioned aspects, we now return to our initial question as to why a new procedure may become a successful therapeutic option and what aims may be achieved in COPD (table 6-7). Surgical lung volume reduction is currently more effective than bronchoscopic lung volume reduction both in regard to changes in lung volumes and exercise capacity. However, morbidity and mortality are much lower in bronchoscopic lung volume reduction than with the surgical procedure. We have recently shown that implantation of a new generation of intrabronchial valves -an umbrella-shaped, selfexpanding device ( fig. 2 ) can be performed safely via flexible bronchoscopy under conscious sedation with propofol, even in patients with major contraindications for surgical volume reduction [10] . Figure 2 shows an example of an endobronchial valve of 6 mm diameter (Spiration®). The duration of the whole procedure involving placing of 3 to 10 valves is 35 to 60 minutes, and patients can be discharged from hospital within 24 hours. A recently published multicentre study of 91 patients with severe obstruction suggests a highly significant improvement in healthrelated quality of life but no significant change in FEV 1 , exercise tests and total lung volumes [11] . Importantly, in contrast to the Euro-VENT trial, the aim of the Spiration ® approach is bilateral valve placement. Flexible bronchoscopy is much less costly than the surgical procedure, although the current cost of endobronchial valves may partly counteract its advantages. Health related quality of life is improved following valve implantation but exercise capacity seems not to be significantly influenced. There is no evidence of a decreased exacerbation rate or even a trend to slightly more exacerbations. At the current stage no beneficial effect on medium-term mortality can be expected.
What approaches could improve the efficacy of bronchoscopic lung volume reduction? A major advance will be achieved if endobronchial stents used for homogeneous emphysema can be modified to remain open over a longer period of time, so that the initial marked benefit on hyperinflation can be maintained. This could lead to a lasting de- crease in hyperinflation and potentially to an improvement in exercise capacity. With respect to valve implantation, the indication for the procedure needs further refining. In a small randomised trial Eberhard et al. showed that complete unilateral lobar exclusion provides better results than bilateral segmental occlusion [12] . Valve placement should primarily target the areas of the lung which are poorly perfused. Thus the optimal placement of valves might not be efficaciously judged by morphology on CT scan only. Figure 3 shows a SPECT (single photon emission tomography) scan which superimposes the morphology on CT scan with the perfusion pattern in a patient with heterogeneous emphysema (courtesy F. Forrer, University Hospital Basel). Seven valves were implanted into the areas of lowest perfusion with the aim of reducing lung volume without loss of diffusion capacity. Valves can therefore be placed not only to the upper but also to the lower lobes [10] . Persistence of collateral ventilation seems to be associated with poorer results of valve implantation as assessed in the US and EuroVENT trials [8] . This problem can be partly overcome by assessing CT scans for total fissures between the different lobes or by evaluating collateral ventilation during bronchoscopy with a specific catheter [13] . An alternative approach to prevention of collateral ventilation is to occlude segments or lobes completely by instilling a polymeric sealant [14, 15] or steam [16] . However, the latter procedure appears to be associated with a marked inflammatory response, thus questioning its clinical value in a patient population already suffering from persistent respiratory symptoms.
In summary, bronchoscopic lung volume reduction is a safe procedure, but one whose efficacy needs to be improved by further technical refinement.
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